In this work, the production processes of heavy neutral scalar and pseudo scalar associated with standard model gauge boson Z L at future e + e − colliders (ILC and CLIC) are examined. The total and differential cross sections are calculated for the processes in the context of the littlest Higgs model. Also dependence of production processes to littlest Higgs model parameters in the range of compatibility with electroweak precision measurements and decays to lepton flavor violating final states are analyzed. We have found that both heavy scalar and pseudoscalar will be produced in e + e − colliders. Also the depending on the model parameters, the neutral heavy scalar can be reconstructed or lepton flavor violating signals can be observed.
Introduction
Standard model (SM) is an effective theory with a cut off scale around electroweak symmetry breaking (EWSB) scale. However in SM, Higgs scalar, giving mass to fermions and gauge bosons gets loop corrections to its mass up to cut off scale, which is called the hierarchy problem. The little Higgs models [1, 2, 3, 4] are introduced to solve the hierarchy problem among the alternative solutions such as supersymmetry, extra dimensions and dynamical symmetry breaking models. The little Higgs models propose a solution by enlarging the symmetry group of the SM. The constraints on little Higgs models are studied [5, 6, 7, 8, 9, 10, 11] , and the phenomenology of the little Higgs models are reviewed [12, 13, 14] . The little Higgs models are also expected to give significant signatures in future high energy colliders and studied [15, 16, 17, 18, 19, 20] .
In the littlest Higgs model [1] as a result of enlarged symmetry group, there appears new vector gauge bosons and also a new heavy scalar triplet. The appearance of new scalars in the littlest Higgs model result in lepton flavor violation when a 5D operator is implemented in the Yukawa lagrangian [21, 22, 23, 24] .
In this work we examined the production of neutral scalar (φ 0 ) and pseudo scalar (φ P ) associated with Z L boson in the littlest Higgs model at e + e − colliders, namely, International Linear Collider (ILC) [25] and Compact Linear Collider (CLIC) [26] . To analyze the production rates, firstly the most promising channel e + e − → Z L φ 0 is analyzed. Since the final signals of φ 0 and φ P is same, to analyze the behavior of the final states for the energies ( √ s > 1T eV ), the higher order production processes; e + e − → Z L φ 0 φ 0 , e + e − → Z L φ P φ P and e + e − → Z L φ 0 φ P are also examined. Since the process e + e − → Z L φ P is not allowed in the littlest Higgs model, the latter two processes involving φ P are also important for the φ P production. Finally, lepton flavor violating signals of neutral scalars as "Z L +missing energy" which characterizes the new neutral scalar and pseudoscalar to be littlest Higgs are analyzed [21] .
In this paper, we present the relevant formulas and calculations in section 2. In section 3, the results and discussions are presented.
Theoretical Framework
In the littlest Higgs model global symmetry SU (5) is broken spontaneously to SO(5) at an energy scale f ∼ 1T eV leaving 14 Nambu Goldstone bosons(NGB) corresponding to broken symmetries. In the model SU (5) contains the gauged subgroup [SU (2) 
. As a consequence symmetry breaking, gauge bosons gain mass by eating the four of the NGBs. The mixing angles between the SU (2) subgroups and between the U (1) subgroups are defined respectively as:
where g i and g ′ i are the gauge couplings of SU (2) i and U (1) i subgroups respectively. By EWSB vector bosons get extra mixings due to vacuum where L i are the lepton doublets l ν l , and Y ij are the elements of the mixing matrix with Y ii = Y and Y ij(i =j) = Y ′ . The values of Yukawa couplings Y and Y ′ are restricted by the current constraints on the neutrino masses [27] , given as; M ij = Y ij v ′ ≃ 10 −10 GeV [21] . Since the vacuum expectation value v ′ has only an upper bound(Eq. 4), Y ij can be taken up to order of unity without making v ′ unnaturally small.
The parameters f ; the symmetry breaking scale , and s, s ′ ; the mixing angles of the littlest Higgs model are not restricted by the model. These parameters are constrained by observables of electroweak precision data and the direct search for a heavy gauge bosons at Tevatron [5, 6, 7, 8, 9, 10] . In the case when fermions are charged under both U (1) groups, the allowed parameter space is listed as follows. 
In the model, the couplings of vector bosons to fermions are written 
The total decay widths of SM vector bosons also get corrections of the order 
where N = 3 for quarks, and N = 1 for leptons. The total decay widths of the new vector bosons are given as [18] :
The final decays and also the decay widths of φ 0 and φ P are studied in detail in Ref. [21] , and they are strongly dependent on the VEV of the scalar triplet; v ′ . For v ′ 1GeV , the decay modes of φ 0 include decays in to quark pairs; tt, bb and tT +Tt, and also decays into SM pairs; Z L Z L and HH. In this case the decays of φ P are similar to φ 0 as the decays in to quark pairs; tt, bb and tT +Tt, and to SM Z L H couples different from φ 0 . For v ′ ∼ 10 −10 GeV , the non leptonic decays are suppressed by a factor of v ′ v for both φ 0 and φ P , and the final states contain only lepton flavor violating decays to ν i ν j +ν iνj . In this work, we analyze the cases v ′ ∼ 1GeV (Y << 1) and v ′ = 10 −10 GeV (Y ∼ 1). The decay widths of scalars in these cases can be written as [21] :
The properties of new neutral scalar φ 0 , its couplings to SM and new neutral vector bosons can be examined in single production of φ 0 associated with Z L events. The couplings of φ 0 to Z L and vectors are in the form ig µν B i , where i = 1, 2, 3 corresponds to Z L , Z H , A H respectively and given in table 2, where
The Feynman diagrams contributing this process are given in figure 1 .
The pair productions of neutral heavy scalar and pseudo scalar associated with Z L via e + e − → Z L φ 0 φ 0 , e + e − → Z L φ P φ P and e + e − → Z L φ 0 φ P are also examined in this work. The Feynman rules for scalarvector couplings are given in table 2, the Feynman rules for four point scalar(pseudoscalar)-vector couplings are given in table 3 and the Feynman rules for pseudoscalar-vector-scalar couplings are given in table 4, where
The Feynman diagrams for the processes e + e − → Z L φ 0 φ 0 , e + e − → Z L φ P φ P and e + e − → Z L φ 0 φ P are presented in figures 2, 3 and 4 respectively. Table 3 . The Feynman rules for four point interaction vertices between scalars and vectors. Their couplings are given in the form iC ij g µν and iC 
Results and discussions
In this section the results for the processes For the examination of the production of heavy neutral scalar φ 0 at linear colliders, the single production of φ 0 associated with Z L is the most dominant channel. For this process, total cross section is plotted with respect to center of mass energy in figure 5 for different values of symmetry breaking scale f and mixing angles s and s ′ allowed by recent constraints. In these calculations the VEV of the scalar triplet is taken to be v ′ = 1GeV allowed by the limit given in equation 4. It is seen from figure 5 that, for symmetry breaking scale f = 1T eV , and s/s ′ = 0.80/0.60, the total cross section is at the order of 10 −2 pb for √ S ∼ 1000 − 3000GeV . For parameters f = 1T eV and s/s ′ = 0.90/0.60(0.95/0.60), the total cross section is at the order of 10 −2 pb for √ S ≥ 1200(1500)GeV . Also for these parameter sets, a resonance corresponding to heavy gauge boson Z H exist at √ S ∼ 900(1100)GeV increasing the total cross section up to 0.1(1)pb. Unfortunately these resonances can have significance only if φ 0 can be reconstructed. For f = 2.5T eV , the cross section versus √ S graphs are also plotted in figure 5 , for mixing angles s/s ′ = 0.80/0.60 and s/s ′ = 0.90/0.60. In both set of parameters total cross section is about 5 × 10 −3 pb for √ S 2T eV . Also for s/s ′ = 0.90/0.60, total cross section receives a peak up to 0.1pb about √ S ∼ 1.8T eV corresponding to the resonance of Z H . Finally the production of φ 0 via e + e − → Z L φ 0 process is possible for low values of symmetry breaking scale f = 1T eV , for both ILC( √ S = 1T eV ) and CLIC( √ S = 3T eV ). However for higher values of f , this channel is not promising.
For v ′ ∼ 1GeV , the neutral scalar φ 0 dominantly decays into quark pairs tt and tT +tT , with branching ratios of 0.8 and 0.2 respectively [21] . Thus, the channel e + e − → Z L tt is promising for φ 0 observation. In this channel, there will be more than thousands events which are observable as a contribution of e + e − → Z L φ 0 process. Also in this channel, the SM background is at the order of 10 −2 pb at √ S = 1T eV , and reduces to 10 −4 pb for √ S ∼ 2T eV . So, for √ S ≥ 1T eV , the collider signal Z L tt is dominated by the decays of neutral scalars produced via e + e − → Z L φ 0 process. And also, by applying a cut on the energy of final state tt pair, i.e. E tt ≥ M φ , will suppress the background contribution from SM. So in this channel, φ 0 can be observed and reconstructed from tt jets for √ S ≥ 1T eV .
For the double production of neutral scalar and pseudoscalar via e + e − → Z L φ 0 φ 0 , e + e − → Z L φ P φ P and e + e − → Z L φ 0 φ P processes, differential cross section versus energy of Z L graphs are plotted in figures 6, 7 and 8 respectively, for f = 1T eV , and s/s ′ = 0.80/0.60, 0.90/0.60, 0.95/0.60 at √ S = 3T eV . In these calculations VEV of the scalar triplet is taken to be v ′ = 3GeV . It is seen from the figures that the production rates are not strongly dependent on mixing angles s/s ′ in the parameter region allowed by electroweak and experimental constraints. For the production process e + e − → Z L φ 0 φ 0 , the differential cross section is at the order of 10 −4 pb/GeV . The corresponding total cross section is calculated by integrating over E Z and found to be 0.25pb. At CLIC, the expected luminosity is 100f b −1 , which will result more than few thousands of production events in this channel. At ILC the expected center of mass energy is about 0.5 − 1T eV , hence this production channel is out of reach due to kinematical limits from high values of scalar mass M φ . In the littlest Higgs model, the single production of pseudoscalar φ P associated with Z L is not allowed. So the most promising channel for φ P production is e + e − → Z L φ P φ P . In this channel, the differential cross section is calculated at the order of 10 −6 pb/GeV for all allowed values of mixing angles when f = 1T eV (Fig. 7) . The maximum value of cross section for this process is calculated as 3 × 10 −3 pb at √ S = 3T eV . For an integrated luminosity of 100f b −1 , up to a few hundreds of φ P will be produced within Z L .
For the process e + e − → Z L φ 0 φ P , the maximum value of differential cross section is about 10 −8 pb/GeV . The corresponding total cross section at √ S = 3T eV is calculated as 10 −5 pb. So in this channel the production rate is not promising. Table 5 . The total cross sections in pb for production of neutral scalars for f = 1T eV and at √ s = 3T eV when v ′ = 3GeV and v
A distinguishing feature of neutral scalars in littlest Higgs model is their lepton flavor violating decay modes. For lepton flavor violation to be dominant, the VEV of the triplet should be at the order v ′ = 10 −10 GeV . For this value, all other decays of the neutral scalar and pseudoscalar are suppressed. In table 5, the total cross sections of the Z L associated productions of the neutral scalar and pseudo scalar are given for s/s ′ = 0.8/0.6, f = 1T eV at √ S = 3T eV for v ′ = 3GeV and v ′ = 10 −10 GeV . For the process e + e − → Z L φ 0 , at v ′ = 10 −10 GeV , the production cross section is at the order of 10 −23 pb. This is due to the explicit dependence of scalar vector vector couplings on the triplet VEV. Thus, for this channel observation of any lepton flavor violation is not possible. For double production of neutral scalars within Z L , dependence of cross section on v ′ is plotted in figure 9 , for f = 1T eV at √ S = 3GeV . It is seen that for v ′ < 0.1GeV , total cross section is not dependent on v ′ . This is due to mass of the heavy scalars, which is steady with respect to variations of v ′ in this region (Fig. 9) . In figure 10 , the total cross sections of the processes e + e − → Z L φ 0 φ 0 , e + e − → Z L φ P φ P and e + e − → Z L φ P φ 0 are plotted with respect to center of mass energy, for f = 1T eV , s/s ′ = 0.80/0.60 and v ′ = 10 −10 GeV . For v ′ = 10 −10 , the total cross section of the processes e + e − → Z L φ 0 φ 0 and e + e − → Z L φ P φ P are at the order of 10 −4 pb at √ S ∼ 2T eV , and increases smoothly to 2.8 × 10 −3 pb as center of mass energy approaches to 3T eV . Since the value of the Yukawa coupling is Y ∼ 1 in this scenario, for an integrated luminosity of 100f b −1 , the number of lepton flavor violating events per year will be close to a thousand. For the process e + e − → Z L φ P φ 0 , the total cross section is not sufficient to produce lepton flavor violating events. In figure 11 , we have plotted the number of lepton flavor violating final states with respect to v ′ , for a linear collider with an integrated luminosity of 100f b −1 at √ S = 3T eV . For these events the collider signature will be "Z L +missing energy". The SM background in this channel is mostly produced via e + e − → Z L νν processes which has a total cross section of 5pb. So for this channel, only applying a constraint on the energy of the Z L boson can improve the signal background ratio. By choosing Z L bosons carrying the recoil momentum of the scalar pair, i.e. E Z L ≥ 2M φ , SM contributions suppressed to 3000 events at √ S ∼ 3T eV . In this case the final state analysis will give important results since this signature makes φ 0 and φ P indistinguishable but quite different in appearance from their counter partners in either SM or two Higgs doublet model.
In conclusion, the new heavy scalar φ 0 and pseudoscalar φ P of the littlest Higgs model will be produced in e + e − colliders associated with Z L . The production rates significantly depend on the symmetry braking scale parameter f and the vacuum expectation value of the scalar triplet v ′ . For f = 1T eV and v ′ ∼ 1GeV highest production rates are achieved in both channels. For these parameter set, the productions are quite detectable in the channel e + e − → Z L φ 0 when √ S > 0.8T eV and in the channels e + e − → Z L φ 0 φ 0 and e + e − → Z L φ P φ P when √ S > 1.7T eV . However in the channel e + e − → Z L φ 0 φ P , there is no significant production rate. For higher values of symmetry breaking scale f ∼ 2.5T eV , the production is achieved only in the channel e + e − → Z L φ 0 for √ S 1.8T eV . For v ′ ∼ 1GeV , the channel e + e − → Z L φ 0 is the most promising channel for reconstruction of φ 0 from tt pairs. The effects of the littlest Higgs model heavy scalar can be observed in Z L tt final states in electron colliders. For v ′ ∼ 10 −10 GeV and f = 1T eV , an interesting and distinguishing feature of the littlest Higgs model is on stage. In this case, final decays of the neutral scalar and pseudoscalar are totally lepton flavor violating with a collider signature of missing energy accompanied by a SM Z L boson. For this value of v ′ , the productions in the channel e + e − → Z L φ 0 is not possible, but in the channels e + e − → Z L φ 0 φ 0 and e + e − → Z L φ P φ P the productions of φ 0 and φ P are still observable. Although these channels contain high SM background, the productions and final lepton flavor violating decays of φ 0 and φ P can still be examined at e + e − colliders.
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